Abstract: Active Galactic Nuclei (AGN) with bright radio jets offer the opportunity to study the structure of and physical conditions in relativistic outflows. For such studies, multi-frequency polarimetric very long baseline interferometric (VLBI) observations are important as they directly probe particle densities, magnetic field geometries, and several other parameters. We present results from first-epoch data obtained by the Korean VLBI Network (KVN) within the frame of the P lasma Physics of Active Galactic N uclei (PAGaN) project. We observed seven radio-bright nearby AGN at frequencies of 22, 43, 86, and 129 GHz in dual polarization mode. Our observations constrain apparent brightness temperatures of jet components and radio cores in our sample to > 10 8.01 K and > 10 9.86 K, respectively. Degrees of linear polarization m L are relatively low overall: less than 10%. This indicates suppression of polarization by strong turbulence in the jets. We found an exceptionally high degree of polarization in a jet component of BL Lac at 43 GHz, with m L ∼ 40%. Assuming a transverse shock front propagating downstream along the jet, the shock front being almost parallel to the line of sight can explain the high degree of polarization.
INTRODUCTION
Active Galactic Nuclei (AGN) are the most energetic persistent sources of electromagnetic radiation in the universe, powered by accretion of matters onto central supermassive black holes (SMBHs) with masses M • ∼ 10 6 − 10 9 M ⊙ . AGN with relativistic radio jets are of particular interest because of their enormous internal energies and complicated outflow structures on a wide range of spatial scales, from sub-parsec to kiloparsec scales. There is general consensus that jets originate from magnetohydrodynamical interaction between accreted matter and magnetic fields in the immediate environment (few Schwarzschild radii) of rotating black holes. However, details such as launching, acceleration, and collimation processes remain poorly understood (see, e.g., Boettcher et al. 2012 
for a review).
A better understanding of the physics and evolution of jet outflows requires observations of (i) the internal structure of the plasma, such as particle density distributions, and (ii) the magnetic fields pervading the outflows. Technically, this can be achieved via multifrequency polarimetric radio observations of the synchrotron radiation from relativistic electrons in the jet plasma -in particular, via high-resolution polarimetric imaging observations with very long baseline interferometry (VLBI). VLBI observations provide a threedimensional view on matter distributions and on the magnetic field configuration inside jets (e.g., Walker et Corresponding author: S. Trippe † Part of a special issue on the Korean VLBI Network (KVN) al. 2000; Asada et al. 2002; Kadler et al. 2004; Lister & Homan 2005; Gomez et al. 2008; O'Sullivan & Gabuzda 2009a,b; Molina et al. 2014; Kim & Trippe 2014; Park et al. 2015) . Time-series analysis of spectra and/or polarization, combined with kinematic information, has revealed the evolution of internal shocks in jets (Jorstad et al. 2005 (Jorstad et al. , 2007 Trippe et al. 2010 Trippe et al. , 2012b Fromm et al. 2013; Park & Trippe 2014) .
Even though a lot of progress has been made at centimeter wavelengths, multi-frequency polarimetric studies at millimeter wavelengths are still rare. Such observations are important because they are less affected by synchrotron self-absorption than observations at cm wavelengths and thus probe emission from the inner regions of jets. Recent 86-GHz VLBI surveys of compact radio jets (e.g. Lee et al. 2008; Lee 2014) revealed that the brightness temperatures of cores are systematically lower at mm wavelengths than at cm wavelengths, which is indicative of kinetic-energy dominated outflows around jet bases. Rotation measure (RM) analyses at mm-wavelengths performed by Marrone et al. (2006) , Trippe et al. (2012b) , Plambeck et al. (2014) , and Kuo et al. (2014) found very high RM values on the order of 10 4−5 rad m −2 . Such high values translate into strong magnetic fields and high electron densities characteristic of accretion processes near the central black holes.
As illustrated above, mm-VLBI polarimetry at multiple frequencies is required to provide a fresh view on the plasma physics of the jets in active galaxies. Due to its wide frequency coverage (22-129 GHz) and the 1 capability to observe at up to four frequencies simultaneously, the Korean VLBI Network (KVN; Lee et al. 2014 ) is an excellent tool for probing jet plasmas at mm wavelengths. In addition, the KVN and VERA Array (KaVA; Niinuma et al. 2014) provides the good uv coverage needed for detailed investigations of jet structure and kinematics. With this in mind, we initiated the P lasma Physics of Active Galactic N uclei (PAGaN) project, a systematic radio interferometric study of AGN radio jets.
In this paper, we present results from our first-epoch polarimetric observations obtained by KVN. In a companion paper (PAGaN II, Oh et al. 2015) we discuss first results from KaVA. Throughout our paper, we adopt a cosmology with H 0 = 71 km s −1 Mpc −1 , Ω Λ = 0.73, and Ω m = 0.27.
OBSERVATIONS AND ANALYSIS

Observations and Data Reduction
For our observations, we focused on AGN that (1) were sufficiently bright, with total fluxes 1 Jy at 22 GHz; (2) showed extended ( 10 mas) structure; and, as far as known, (3) showed significant linear polarization. We referred to the Very Long Baseline Array (VLBA) monitoring database maintained by the MOJAVE program 1 and VLBA-BU-BLAZAR program 2 in order to check total fluxes, structures, and linear polarizations at 15 and 43 GHz, respectively. Based on the source information from the databases we selected seven sources: 3C 111, 3C 120, 4C +01.28, 4C +69.21, and BL Lac, all known for spatially extended and linearly polarized structure; 3C 84, known for its high radio brightness ( 30 Jy at 22 GHz) and its usefulness as polarization calibrator; and DA 55, known for its relatively high radio brightness ( 5 Jy at 22 GHz) and high polarized flux (∼200 mJy at 43 GHz). A brief summary of our targets is given in Table 1 .
The selected sources were observed in 15 sessions between 21 October 2013 and 9 March 2014. Each source was observed over a full track to ensure high sensitiv-ity and good uv coverage. In addition, we obtained multiple 'snapshot' observations resulting from scheduling constraints. Observing frequencies were 21.7, 42.9, 86.6, and 129.9 GHz, respectively. At each frequency, the bandwidth was 64 MHz (16 MHz × 4 IFs) and both left and right circular polarizations (LCP/RCP) were observed. Thanks to the unique capabilities of KVN, we obtained simultaneous dual polarization observations at two pairs of frequencies (either 22/43 GHz or 86/129 GHz). The observed data were correlated at the Korea-Japan Correlation Center (KJCC; Lee et al. 2015) .
We processed the correlated visibility data with the software package AIPS 3 to perform standard calibration steps such as fringe fitting, amplitude calibration, and bandpass correction. As KVN has only three baselines, the polarimetric calibration needed to be performed carefully. We mapped the targets with Difmap by means of CLEANing and phase self-calibration with natural weighting (i.e., uvweight 0, −2). The CLEANed total intensity maps were used for amplitude selfcalibration of the L and R visibilities (using the task AIPS CALIB with A&P and L1R options), and for determining the instrumental polarization leakages (Dterms, with the task LPCAL) for individual IF. For most observing sessions, the unpolarized radio galaxy 3C 84 served as D-term calibrator. We examined the D-terms using the methods described in Roberts et al. (1994) and Aaron (1997) (i.e. calculating cross-to parallelhand visibility ratio before/after applying the D-term corrections) and found that those D-terms derived successfully are reliable up to frequencies of 43 GHz. We show the D-terms at 22 and 43 GHz obtained from one of our observing sessions in Figure 1 for illustration.
We note that our unsuccessful polarimetric observations for several sources and several frequencies could have suffered from (i) imperfect calibration of instrumental L and R gain offsets, and (ii) poor quality of estimated D-terms. The gain calibration is rather unlikely to have affected our results because we found that the LL and RR dirty maps of calibrated sources have the same peak values within their uncertainties ∼1% and the peak values of the dirty Stokes V maps are typically less than a few mJy. Therefore we expect that the quality of the D-terms is the more important factor in general. For instance, we had limited uv coverage for the D-term calibrator (i.e. 3C 84) in several observing runs due to scheduling constraints, leading to LPCAL not producing suitable solutions. Poorly determined D-terms leave residual instrumental polarization in the cross-hand visibilities and those residuals could have contributed to amplitude errors or phase offsets in Stokes Q and U maps.
Calibration of the absolute electric vector position angles (EVPAs) is important because D-terms correct for only the polarization leakages in the antennas and the phase self-calibration does not preserve source-intrinsic relative phase of cross-hand visibilities.
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The absolute EVPAs of target sources can be recovered when a calibrator with well-known stable EVPA is simultaneously observed with the array in VLBI mode. Unfortunately, we failed to calibrate the EVPAs because the quasar 3C 286, which was intended to serve as calibrator source, was not detected in our data. Therefore only relative EVPA information is available for the data in this paper. The EVPA calibration can be accomplished in another way if any strongly polarized compact source is observed in both single-dish and VLBI mode (quasi-) simultaneously under the assumption that EVPA of the calibrator is the same on both scales. This method may be useful for future KVN polarimetry as long as no bright calibrators with stable EVPAs are available at mm-wavelengths.
Data Analysis
We generated Stokes I, Q, and U maps using Difmap with natural weighting. To extract source information, we fit circular Gaussian components to the calibrated uv data using the modelfit task. Noise (r.m.s.) levels were estimated from the residual maps. For a given Gaussian component, we obtained (1) the total flux density S tot in Jy, (2) the peak intensity I peak in Jy/beam, (3) the map rms level σ rms in mJy/beam, (4) the component size d in mas, (5) radial distance of the component from the phase center of a map, r, in mas, and (6) the position angle of the component measured from north to east, θ, in mas. Following Fomalont (1999) , the uncertainties of these parameters are
(1)
(2)
For naturally weighted uv data, the minimum resolvable angular size d min of a Gaussian component depends on the signal-to-noise ratio SNR = S tot /σ tot like (Lobanov 2005) where ψ beam is the CLEAN beam size. The above relation can be used to find the apparent brightness temperature T b,app . At radio wavelengths, T b,app can be expressed as
where S tot is the flux density in Jy, ν obs is the observing frequency in GHz, and z is the redshift. Equation (6) if the measurement returns a component size smaller than d min (i.e., if the measured component size is consistent with zero within errors). We note that this happened at multiple occasions throughout our analysis of Stokes I maps; this appears to be characteristic for KVN data (which are marked by sparse uv coverage). In addition, the situation was more complicated when dealing with Stokes Q and U maps since no self-calibration based on Stokes Q and U CLEAN Table 2 Flux densities, spectral indices, and degrees of polarization of our targets, integrated over all source components.
Source
Epoch
3C 111 components could be applied to the cross-hand visibilities.
After processing the source maps for each frequency and each Stokes parameter, we extracted polarimetric and spectral properties of individual emission features by cross-referencing the maps. Extracting the polarized flux p of the ith jet component, p i = Q 2 i + U 2 i , and the corresponding degree of linear polarization m i,L = p i /S i,tot requires the components in the I, Q, and U maps to be matched spatially. We cross-identified components via visual inspection as follows.
• Adopt the center position of a jet component in the Stokes I map as a reference. • Find corresponding model-fit emission features around the fixed reference position in Stokes Q and U maps.
• Identify Q and U components located less than half the beam size away from the reference position as counterparts of the Stokes I component.
• For the three I, Q, and U components, determine the mean and the standard deviation of the positions as true position and associated error. We computed the spectral index of the ith jet component like α = log(S i,ν2 /S i,ν1 )/ log(ν 2 /ν 1 ) (i.e., α < 0 for steep spectra) from the fluxes of components in two maps of different frequencies. We also produced twodimensional total intensity, polarized intensity, and relative polarization angle maps using the AIPS COMB task.
RESULTS
In the following, we present observational results for six AGN at multiple frequencies. Table 2 summarizes observing dates, integrated fluxes, spectral indices, and vector-summed polarization properties of the sources. Typical rms noise levels in the source maps were a few to 10 mJy/beam, with beam sizes of about 4, 2, 1, and 0.7 mas at 22, 43, 86, and 129 GHz, respectively. Flux measurements succeeded for most of the maps except for those of 3C 120, 3C 84, and BL Lac at 129 GHz which suffered from high system temperatures (400 K< T sys <900 K). The quasar 4C +69.21 was not detected at all frequencies probably because of intrinsically low brightness. Four targets -3C 111, 3C 120, BL Lac, and DA 55 -showed significant linear polarization at 22 GHz (with degrees of polarization being a few percent). For highly polarized sources, BL Lac and DA 55, polarization could be detected at 22 and 43 GHz. An overview over our results is presented in Parameters: bmin, bmaj, and bpa are the minor axis, major axis, and position angles of the clean beams, respectively. Peak and RMS are the peak flux and rms levels of the total and polarized ('pol') intensity maps, respectively. Blank entries: no data obtained due to failed instrumental polarization calibration. Table 3 .
3C 111
We obtained total intensity maps of the radio galaxy 3C 111 at all four observing frequencies ( Figure 2 ). 3C 111 consists of three components in all maps. For two frequency pairs (22/43 and 86/129 GHz) we were able to cross-identify components and obtained spectral information. Figure 3 displays the polarization structure of the source. The level of polarization is on the order of a few per cent. Interestingly, the peak of the polarized intensity is offset from the total intensity core. This may be caused by larger depolarization in the core due to higher opacity or by an unresolved strongly polarized jet component.
3C 120
3C 120 is another famous radio galaxy in our sample. We were able to produce total intensity maps at 22, 43, and 86 GHz (Figure 4 ). For this source the crossidentification of jet components is not straightforward since the 22 GHz structure is more extended than the rather compact 43 GHz structure. The extended emission features visible at 43 GHz may have propagated outward in the 86 GHz map as there is a time gap of four months between the two observations and the maximum apparent velocity of the moving features in 3C 120 is ∼3 mas year −1 (Lister et al. 2013 ). Figure 5 shows the polarized structure of 3C 120 at 22 GHz. The degree of polarization is a few percent. The peak of the polarized emission is offset from the total intensity core by ∼7 mas. Interestingly, the location of the polarization maximum is coincident with the location of the most distant jet component in the 43 GHz total intensity map. We find different orientations of polarization for the nuclear region and the extended structure. This indicates a complex magnetic field and matter configuration in the outflow. We note that pixels with low S/N in the total intensity and strong side lobe patterns in the linear polarization maps may have resulted in substantially high fractional polarization at the jet edges.
3C 84
3C 84 is a bright radio galaxy with complex structure marked by low polarization (e.g. Taylor et al. 2006 ; Source maps for all four observing frequencies. From 22 to 129 GHz, the lowest contour levels are 0.5, 1.0, 7.0, and 6.5 % of the map peak, respectively. Bottom: Zoom onto the maps at 86 and 129 GHz. Trippe et al. 2012a; Plambeck et al. 2014) . In this study we actually used 3C 84 as instrumental polarization calibrator as it is (effectively) unpolarized at frequencies 129 GHz; we provide only total intensity images of this source. Figure 6 displays 22, 43, and 86 GHz images of the source. Due to technical problems with the 129 GHz receiver we did not obtain a map at 129 GHz. Our observations show the southern jet albeit not the wellknown northern counter-jet. At 22 GHz, the source structure is only marginally resolved. At 86 GHz, the inner region of the source is clearly resolved into two bright components. The bright southern component ejected during the radio burst in 2005 (cf. Nagai et al. 2010) is still detectable at 86 GHz.
4C +01.28
The quasar 4C +01.28 has the highest redshift among all sources in our sample (z = 0.888). Accordingly, the source appears compact at all frequencies (cf. Figure 7) . We did not detect significant polarization. A faint extended jet in northwestern direction was detected at 22 GHz.
BL Lac
The radio source BL Lacertae is (among other characteristic features) characterized by a high degree of linear polarization. We obtained polarization maps at 22 and 43 GHz. Figure 8 shows the total intensity maps for 22, 43, and 86 GHz; at 129 GHz, no fringe solutions for the LL and RR visibilities were found. The 22 and 43 GHz maps show three Gaussian components each for which cross-identification was straightforward. For the model components found in the 86 GHz map, no counterparts at 129 GHz are available due to lack of 129 GHz data. Figure 10 displays distributions of fractional polarization and polarized intensity. In spite of our failure to derive absolute EVPA and thus rotation measure maps, the polarization fraction m L and relative EVPA obtained at several frequencies already illuminate some of the source physics. A weak m L gradient is present in the direction of the outflow in the 22 GHz map. The level of polarization at the core is similar (∼3%) at both frequencies. The extended jet component in the 43 GHz map shows very substantial polarization of almost 40%. We note that the high degree of polarization at the edge of the core shown in the 43-GHz map is located in a region of weak total intensities and strong side lobe patterns in the polarization map.
DA 55
DA 55 is a compact and highly polarized quasar at redshift z = 0.859. It has a compact structure and is dominated by the core (Figure 9 ). Although the structure is only marginally resolved, we detected and mapped significant linear polarization at both 22 and 43 GHz. Figure 11 shows the spatial distribution of m L and polarized intensity. At both frequencies, DA 55 shows m L ∼ 4% and well-ordered polarization angles across the source.
DISCUSSION
In this section we discuss brightness temperature distributions, possible correlations between physical parameters, and potential physical interpretations of observed relations. 
Brightness Temperature Distributions
We calculated T b,app distributions for all emission features (Gaussian model components) at all observing frequencies. Figure 12 shows histograms of T b,app measured for both cores and extended jet components at the all frequency range and Table 4 summarizes the results. The average value of our measured T b is 10 8.76±0.98 K for the jets and the averaged lower limits are 10 9.86 K and 10 8.01 K for core and jet components, respectively (all averages are averages of logarithms). In multiple cases we found that the Gaussian model components were smaller than d lim ; this is probably characteristic of KVN data as we briefly mentioned in the Section 2.2. Therefore we obtained only lower limits for T b,app via Equation (7) . The values we observe in our T b,app distributions are difficult to compare to other reference values, for example the brightness temperature for energy equipartition of a synchrotron-emitting plasma, T b ∼ 5 × 10 10 K (Readhead 1994 ). This is due to small number statistics as well as our rather limited size measurement capability, which leads to lower limits only. A further source of uncertainty is Doppler boosting; depending on the relativistic bulk speed of an emitter, the intrinsic brightness temperature T b,int will be lower than T b,app by the Doppler factor δ = 1/Γ(1 − β Γ cos θ), where Γ is the bulk Lorentz factor of the propagating material, β Γ is the associated speed in units of the speed of light, and θ is the angle relative to the line of sight. If we take δ ∼ 10 (e.g., Jorstad et al. 2005 ) the intrinsic T b of the jet components will be lower than the measured ones by one order of magnitude -which implies a large uncertainty. For this reason, long-term monitoring of the targets with future observations is necessary to complement δ information from jet kinematics.
Correlations between Parameters
We searched for possible correlations between spectral and polarimetric properties of the cores and jet components. As a first step, we computed the spectral index α. versus observed 22 and 86 GHz fluxes and (for jet components) projected distances from the cores. The spectral indices of the cores measured between 22 and 43 GHz are essentially consistent with zero regardless of flux. This result is reasonable since the observing frequencies of KVN are high enough to be free from synchrotron self-absorption, which leads to inverted spectra at lower frequencies (e.g., Hovatta et al. 2014) . The jets have steeper spectra in general but do not show an obvious spectral evolution as function of projected distance (which might be due to the small sample size). It is worthwhile to note that at high frequencies (86-129 GHz) the cores show rather steep spectra, i.e., the core fluxes at 129 GHz are substantially lower than those at 86 GHz. Since the uv radii of KVN at 86 and 129 GHz differ only by factor of 1.5, this difference is unlikely to be an effect of incomplete uv coverage. (The spectral steepening of the cores will be discussed in a dedicated follow-up paper). Figure 14 shows the degree of polarization of the cores and jet components as function of flux and (for jet components) projected distance from the cores. The level of polarization for both jets and cores is about or less than 10%, in agreement with the results of previous studies (e.g., Lister & Homan 2005; Jorstad et al. 2007; Trippe et al. 2010 ). We do not find indications for a correlation between m L and flux. The fractional polarizations of jet components tend to increase with projected distance. Such behavior was already found by other VLBI observations (e.g., see Figure 6 of Lister & Homan 2005 and references therein), albeit no physical mechanism was suggested then. The Faraday depolarization caused by a foreground medium might change the observed level of polarization as function of the projected distance. For kpc-scale AGN with twin radio jets, Garrington et al. (1988) showed that the emission from jets pointing away from the observer is affected by larger depolarization than jets pointing toward the observer because of the concentration of interstellar matter in the galactic core. For pc-scale onesided jets this scenario implies that more distant jet components are located in regions with lower densities, and thus lower column densities, of depolarizing interstellar matter. However, as on parsec scales the interstellar medium is dominated by dusty tori rather than spherical gas distributions (e.g., Walker et al. 2000; Kameno et al. 2001; Kadler et al. 2004) , explaining the observed polarization pattern as a column density effect is not straightforward. Alternatively, the source-intrinsic linear polarization might increase with decreasing particle density in an expanding outflowing jet component. The relation between the plasma opacity (spectral index) and the degree of linear polarization is discussed separately in the following.
Plasma Opacity and Degree of Polarization
In order to understand the evolution of linear polarization as function of distance from the core (bottom panel of Figure 14 ), we investigate possible relations between the opacity of the relativistic plasma and the observed degree of linear polarization. Theoretically, without Faraday rotation, the maximum degree of linear polarization m max of the radiations from an ensemble of relativistic electrons in a uniform magnetic field can be related to the power law index γ of the energy distribution of the relativistic electrons like (Pacholczyk 1970) where m max,thin is the maximum degrees of linear polarization for optically thin plasmas, γ is the index for a power-law energy distribution of the electrons (i.e. γ > 0 for steep energy spectrum), and α is the spectral index. We note that the second equality of Equation (8) assumes α = −(γ − 1)/2, which is only valid for an optically thin synchrotron emission region (i.e., α < 0). Figure 15 shows the degree of observed linear polarization m L as function of spectral index α. The general trend found in our data is consistent with the theoretical expectation; the observed degree of polarization is larger for components with steeper spectra, although we note that the basic assumption of optically thin synchrotron emitters breaks down for the data with α 0. Even though, the overall trend in the observed data implies that the observed variations of linear polarization are related to the internal evolution of the pc-scale jets, notably decreasing particle densities associated with the expansion of jet components after ejection from the core. We note that our observed values of m L as function of α are much smaller than the theoretical maxima (e.g. ∼70% for α = −0.5 according to Equation (8)), in agreement with previous mm-wavelength polarimetric AGN surveys (e.g., Jorstad et al. 2007; Trippe et al. 2010, 2012b and references therein) . This indicates that the underlying assumption of an idealized homogeneous, isotropic synchrotron plasma is oversimplified.
A plausible explanation for the low intrinsic degrees of polarization is provided by randomized magnetic field configurations inside the outflows. Assuming that a radio jet consists of multiple magnetized turbulent plasma cells with uniform magnetic field strength but with randomly varying orientation, the intrinsic linear polarization will cancel out partially due to its vectorial nature when observed with finite angular resolution. Following Hughes (1991) , the relation between intrinsic (e.g., maximum m L given by Equation (8)) and observed linear polarization is
where N is the number of turbulence cells within the telescope beam; N provides a measure of the degree of turbulence in a given AGN outflow. We calculated
L considering only components with α < −0.1 because Equation (8) of optically thin synchrotron emitters. From this, we found a minimum value of N min = 14, a maximum value of N max = 327, and an average value of N mean = 117 (with the standard deviation being 123). Accordingly, the radio jets in our sample seem to be highly turbulent.
Although the turbulence model provides a satisfactory explanation for observed weak polarizations ( 10%), it does not explain how some of the jet components maintain strong polarization; the most extended jet component of BL Lac at 43 GHz is polarized up to ∼ 40% with high signal to noise (see the m L map in Figure 10 ). Such strong polarization requires small values of N , meaning a rather uniform magnetic field structure over spatial scales on the order of, or larger than, the beam size. It is known that shearing or compression of the plasma and the magnetic field lines frozen therein can change levels of polarization and polarization position angles (e.g., Laing 1980; Laing et al. 2008a) . As for compressing the plasma, shocks in the parsec-scale jets may be especially important since they (i) provide higher degree of compression, (ii) work on shorter timescales due to their speed faster than the sound speed of the gas, and (iii) lead to the release of large amounts of energy -usually in the form of flares. In the light of this, we investigate in the following whether an internal shock traveling downstream of the jet of BL Lac could reproduce such high m L by compressing turbulent plasma. After compression by the shock, initially random magnetic field lines still appear randomly oriented when the shock front is observed face-on but will assume an ordered configuration in projection when observed edge-on. The 'repolarization' depends on the characteristics of the shock front such as shock strength and angle with respect to the line of sight. Detailed calculations for a shock front oriented transverse to the jet direction show that the level of polarization for an optically-thin relativistic jet component is Figure 15 . Degree of linear polarization mL as function of spectral index α for cores and jet components for which polarization is detected. Gray curve shows the maximum degrees of polarization expected for optically thin and thick plasma (Equation (8) Figure 16 . Geometry of a transverse shock traveling downstream along a radio jet seen from the shock frame, as assumed for Equation (10). The degree of 'repolarization' depends on shock strength and viewing angle. (Hughes et al. 1985; Hughes 1991) where the first term of Equation (10) is simply Equation (8), η is the ratio of the particle densities n in shocked and unshocked plasma, respectively, Θ ′ is the jet viewing angle corrected for relativistic aberration (i.e. the viewing angle in the shock frame), Γ is the bulk Lorentz factor of a traveling jet component, and Θ is the viewing angle of the jet component as seen in the reference frame of observer. Figure 16 illustrates the geometry considered here.
In order to determine the shock strength, we need to know Θ and Γ which can be derived from time-resolved monitoring of individual jets. As our current analysis is limited to single-epoch observations, we rather probe which combinations of the parameters η and Θ ′ lead to polarization levels in agreement with observation.. Assuming an optically thin jet component with α = −0.5, we calculate the shock-modified m L by following Equa- tion (10). The result is shown in Figure 17 . In order to explain the observed m L , the shock strength η needs to be at least 1.5) and the shock plane should be close to parallel to the line of sight in the shock frame (Θ ′ 60
• ) (albeit absolute EVPA information is required to examine whether the shock and the orientation of the compressed magnetic field are indeed perpendicular to the jets as the above discussion assumes; see Figure 13 of Jorstad et al. 2007 for an example). Accordingly, regular monitoring observations of m L and absolute EVPA, at multiple frequencies, should be performed in forthcoming observations to fully understand the evolution of AGN radio jets coupled to large-scale magnetic fields.
SUMMARY
In this paper we presented results of first-epoch KVN observations conducted in the frame of the P lasma Physics of Active Galactic N uclei (PAGaN) project, aimed at exploring spectral and linear polarization properties of parsec-scale radio jets of AGN. We observed seven sources at 22, 43, 86, and 129 GHz in dual polarization. The main conclusions of our study are as follows.
1. We found brightness temperatures T b,app of 10 8.76±0.98 K for resolved jet components and obtained the lower limits for T b,app of the other core and jet components as 10 9.86 K and 10 8.01 K, respectively. Although the measurements are limited by the instrumental angular resolution, these values imply relativistic kinematics of the observed radio jets. 2. We found the fractional linear polarization of jet components to increase with larger projected distance from the core. This indicates either that an external depolarizing medium surrounds the jet or that the fractional polarization m L is directly related to the internal evolution of jet components while they are propagating outward. When analyzing m L as function of spectral index α, we found that m L is systematically higher for emitters with smaller α, as expected for optically thin synchrotron plasmas. This implies that the evolution of m L is driven by the evolution of the plasma opacity: the further outward the component, the more it expands and the more transparent it becomes, leading to increasing polarization. 3. We analyzed the polarization levels, m L 10%, found in the observed jets by assuming (a) turbulence in the jets with N randomly oriented polarization cells inside the observing beam size and (b) transverse shocks propagating downstream along the jets and compressing the magnetized plasma. Our calculations suggest that the jets are indeed turbulent, with N min = 14, N max = 327, and N mean = 117. We specifically applied the shock model to a strongly polarized jet component of BL Lac (m L ∼ 40% at 43 GHz). We were able to constrain the range of values permitted for compression factor and viewing angle to η 1.5 and Θ ′ 60
• , respectively. This indicates that shocks reducing the polarization to the observed values can be of various strengths, with the shock front being close to parallel to the line of sight. The PAGaN project is ongoing, with further KVN polarimetric and KaVA total intensity observations being conducted. In the near future, KaVA polarimetry is expected to become available at 22 GHz, and KVN polarimetry at 86 and 129 GHz to become more stable. With the advance of VLBI networks in East Asia and with forthcoming polarimetric time-series monitoring observations being prepared, it will be possible to probe the nature of radio jets in active galaxies in more detail.
